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""CT!ON I

"The purpose of this docum-ent is to provide handling qualities investi-

"gators with readily usable data on several representative contemporary Par-

craft. Included are those data required to obtain transfer functions relating

the aircraft's response to cont.-ol inputs. An analytical description of the

aircraft's stability augmentor is also given.

For those aircraft for which complete information was available, the

following suiartzes the contents and presentation:

"1. Flight conditions for which computations are made
including:

a. Configurations (e.g., fuel load, flaps,
gear, etc.)

"b. Mach/altitude combinations

2. General arrangement

3- Control system description

4. Stability augmentation description

5. Tabulations and/or plots of non-dimensional stability
derivatives for trimmed flight

6. Dimensional, mass, and flight condition parameters

7. Dimensional stability derivatives

8. Transfer functions for control inputs

9. Selected handling qualities parameters

S " "10. Data sources

A Tsge number cross index is presented in Table I-I.

The intention has been to make this report completely self-consietent

insofar as symbols, nomenclature, definitions, etc. The system used is

described in three appendices. Appendix A covers axis systems, symbols

and notation, and definitions of nondi nsional and dimensional stability
"" "derivatives. Appendix B gives the axis system transformations for the

derivatives. Appendix C includes the aircraft equations of motion and

transfer functions used herein.
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The aircraft ccnsidered in this report span a wide range of sizes, speeds,

and uses. In each case, transfer functions and handling qualities parameters

were ccmpited lor flight conditions which were selected to cover the flight

regimes of interest. A nor.'.nal configuration (generally cruise) was picked

fcr all up and away fligkr conditions. For this nominal configiration, plots

of trirmed non-dimensional aerodymamic force and moment coefficients are

presented. Alsc, :- most cases, a power approach case is presented along

with a tu*tblation cf aerodynamic coefficients. The coefficients are based

osa rigid wind tunnel da:a, estimated flexible data, or flight test results,

depending upon availability. Thi3 is indicated by the -words "rigid,"

"flexible," and c__,h." on each aero data plot. Also, the axis system is

indicated by "stablity for a boj-fLxed stability axis system or "body"
:. ** "---'_±:' -- -... .: - -: -:= -. .. . ".-... -- - - -=l.~ !.tion of

* axis syste.'s used is gi'en in A-ernditx ., Lescrfi~ins of ..... ys. e

and stability aurentation systems are given along with trunsfer functions.

Where a longitudinal control system has a significant effect on the equations

of motion (as with a bob-deight) the stick-free transfer functions and handling

qualities are given.

Transfer functions are always given for body axis motion quantities.
Handiing qualitics parameters are also given in the body axis. All accelera-

tion transfer functions (a. and ay') are for the pilot's position. Thrust

transfer functions do not include any engine respcnse characteristics.

A substantial portion of this report is in the form of computer printout.

The mnemonics used in this printeat are defined in Appendix A.

The handling qualitie3 parameters given in this report represent only a

small fraction of those developed over the years. The majority presented here

are used in past and present versions of MIL-F-87e. Although only SAS-off

values are shown, the definitions ',*i.cn in Appendix A are general and could

* be used in conjunction with the SAS-on trensfer functions to yield SAS-on

handling qualities parameters.

While complete coveragebf each aircraft incluling only the "latest" and

"best" data would be desirable, the major criterion used was that the data be

accessible to the author. This is 1wy cnly isolated flight conditions are

given for some -_ircraft, and also why, as those people more intimately familar



i.

with each particular aircraft will recognize, the data presented may repre-

• ?" sent an early estimate in the design process and perhaps the "nominal config-

uration" is one which never left the drawing board. The data have been reviewed

- and, although not all those presented indicate unquestionable trends, those

data known to be based on only early "guesstimates" or showing unreasonable

* trends have been deleted. In some cases data were estimated by the author.

"As to how well the data can be expected to match the flying aircraft, it is

assumed that those for whom this document is intended know well the difficulties

of obtaining derivatives from flight test data. Every attempt has been made

to insure reliable translation, interpretation, =_nd transcription of the data

from their source documents.

The manufacturers of the aircraft described herein can not be held account-

"able for the information presented, nor would they be bound to concur in a-y

conclusions with respect to their aircraft which might be derived from its use.
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IT-~AM BACKGROWW

"The N-NA variable stability airplane (Serial No. 51-4120)
iz an axten.-i:.ely modified T-33 Jet trainer. The elevator,
aileron and rzdder controls in the front cockpit are disconnected
from their restective -control surfaces and have been connected
to separate servom.echanir.ms that make up an 'artificial feel'
systr4 -.. In aidition, the elevator, aileron and rudder control
surfaces have been connected to individual servos which can be
driven by a n-.=ber of different inputs. These servos receive
their electrical innutz fro= the artificial feel system (pilot's
co.r..adz, positicn or rorce), attitude and rate gyros, accelero-
.eterz, dZa.ic pressure, a. vane and 0 probe. This arrangement,

t*rou;h a reZwtnse-feedback system, allows the normal T-53
derivatives to be augmented to the extent that the handling
qualities of many existing airplanes, future airplanes or by-o-
theti al research :onfib-uraions, can be simulated. The original

----------- :..: -ei "-h hlargeŽr nose of an
S'-9-- o mrovi±e the 'rc-'=e required for the electronic components
of the respon e-feedback system and the recording equipment."*

Transfer ftinctions are given for only the primary surfaces and engine

thrust although the iT-33A also has other control surfaces and a range of con-

trol crossfeed and feedback cczbinations.

Aerodcnamic data, fo: the most ;art, was taken from AFEDL-TR-70-71. However,

longitudinal data for tae high lift configuration was obtained from IAL 127

and Mach nurmber derivatives from NACA-PR4-7116.
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NT-33A

PITCH AXIS

"Variable Variable
Feel Stability
Input Input

SI BST(in) J -10
• ,• sT(Ib) 57.3 8,B(rod)

FST-I).026 s2 +.89s 4.22.5

ROLL AXIS

Varicble Variable
Feel Stability
Input Input

8LAT.in

F LAT (b) I ST 81( rod)

YAW AXIS

Variab;e Variable
Feel Stability
rInput Input

.p- •,b) I 8pE0(in) 2.34: 7,-- 2",: FPEDllb) O. 8-- r(rod)

"Feel system parameter values shown correspond
"to the "Front Seat Engage mode (normal NT-33)

Figure 11-3. Ilf-33M Control Sygstem
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TABLE 11-1

Povoer AypvaOch Non.Dime115iOv~ Stability Derivat iv..

U = sea level

VT 226 ft/sec 135 kt

CI 2.2

(Stability Axis)

CL = .813 CYP .2/e

CD = .135 C Onfit

Cm= 5 .22/rad .o --.1 2/rad

CD a.= .51i/rad 'IP =-5/a

Cmm= -. 41O/read c1P= -*.O45/read

Cq= -i 0/rad Cir= )/rad

Cm -.5/red nr= -. 16/red

CL .34/rad = .O9/s

-. 89/rad C16 = .14/red

CY- =

..r .002/1-ad

* 10
.0 . .. ........
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NT-33A DATA SOMRCES

Hall, G. Warren, and Ronald W. Hubar, System Description and
Performance Data for the USAF/CAL Variable StabiLity T-33
Airplane, Air Force Flight Dynamics Laboratory Rept. No.

AFFDL TR-70-71, Aug. 1970

* Tests of a 1/5 Scale Wind Tunnel Model ,)f the TP-80C Trainer,
Lockheed Aerodynamicz Laboratory Rept. No. LAL 127, Jan. 23, 1948

* Cleary, Joseph W., and Lyle J. Gray, High 33peed Wind-Tunnel Tests
* of a Model Pursuit Airplane and Correlation with Flight-Test

Results, NACA-RM-?116, Jan. 21, 1946

* : Statler, Irving C., et al, The Development and Evaluation of the
CAL/Air Force Dynamic Wind Tunnel Testing System; Part I-
Description and Dynamic Tests of an F-2M0odel, AFFDL-TR-66-153,
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7- 1 04A B&CNIFU1

The F-10LA is a single place, lightweight, szpersonic air superiority

fighter powered by a single turbojet engine with afterburner. The wing has

a full span leading edge flap. Trailir= edge flaps have a blowing-type

Sboundary layer control system. Cocntrol is provided by conventional ailerons

and rudder and an a.Ll-movable stabilizer. Pitch, roll, and yaw dampers are

incorporated, however their effect is not shown here. Pitch and roll con-

. trols are fully irreversible while the yaw control is a cable-actuated rudder

without boost. A bobweight is used in the longitudinal feel system. Its

,osition is assumed to be at the pilot's location.
The primary source of data was LR 10794. Drag information was obtained

from LR-12873.

S.- .The nominal conifiguration used here is the combat loading for the F-iO4A

based on actual weight and balance data. The PA configuration is a typical

loading at flight manual approach speeds.
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F-104A

PITCH AXIS SssAs(rad)

FsT(lb) 573n .(rd)

-20 -10 s(e) 0to;3- aZ

Baz assumed to be at plot location
6(deg/in)

ROLL AXIS 8 SsAs(rad)

F AT O)I T i) 2.14 ,rd
FST (Ib) 8(rd)

YAW AXIS

BPEDin) 735
FPED(lb) K" 57.3 r(ad)

2.0-

K' fIb/in,

1.0O

SIII II
0o 4 .8 1.2 L6 2.0

Mach

Figu-•e III-". F-104A Control System
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TABLE III-i

IF-104'A

power Approach Non-Dimensioaial Stability Derivatives

h = sea level

VT0 = 287 ft/sec =170 kt

Longitudinal Lateral-Directional

(Stability Axis)

0CL = .735 YP= -1.17/rad

CD = .263 CnI = .50/rad

Cim= 3.44/rad Co= -. 175/rad

CDa = .45/rad CI = -. 285/rad

c. = -. 64/rad Cnp = -. 114/rad

= -1.6/rad Cir = .265/rad

Cq= -5.8/rad Cr= -. 75/rad

L5 =.68/rad Cn = .0042/rad
8 aL

Cb = -1 .46/rad Ciba = .039/rad

Cybr =

C16 r = .045/red.

CRr=-.16/red

Cy~~ =.0325/red

Cn -.025/rad

C18  =

37
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I ,.
?-4C BACBOUK)

1The F-4" is an Air Force tactical fighter whose primary mission is

all-weather air-to-air missile combat. Lateral control is achieved by

ailerons in comcination with cpoilers on a swept wing. A swept stabilator

providcs longitudinal stability and control. Directional stability and

control i; accom-alished through a conventional fin-rudder combination.

Landing speed is reduced by full span leading edge flaps and inboard plain

trailing edge flaps in conjunction with blowing-type boundary layer control

(BIC). Boundary layer control is automatically induced when full flap

deflection occurs.

* Features distinguishing the USAF F-4C from its Navy counterpart, the

F-'BY are:

0 * Lack of arooped ailerons with flaps down resulting in
higher landing speeds.

o DI-l flight controls resulting in slightly "ncreascd
control system inertia.

e Wing bumps to house larger main gear wheels resulting
in a slight drag increase.

Data included here was o'ttained primarily from MAC Report No. 9842.

Special emphasis is placed on the longitudinal control system because of

its relative complexity when compared to other aircraft. Figure IV-4 has

been added to help illustrate this system. Also, care has been taken to

retain som of the control system nomenclaure used by the manufacturer,

e.g., qI and PBF (see Fig. IV-5).

The Stability Augmentation block diagrams are shown in Fig. IV-7. The

. roll SAS described is not included in lateral directional SAS on transfer

functions since it is faded out with the lateral control stick out of neutral

position.
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Figure IV-5. F-4C Feel System Parameters
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PITCH SAS

8 (radsec)15s
(ra~e Sss~s(rod)

ROLL SAS

Pr,(rod/sec) -:265 So 5 (rod)

P6, P (Roll rate gyro assumed aligned with FRL)

N'ote: Roll SAS faded out will) lateral control
out of neutral

YAW SAS

rG (rad/sec) 'A(rd

s+.

r6, r cos 1-.50) +tp sin (-l.5*)

Yaw rate gyro inclined Le5 below FRL cmd

lateral accelerometer at F.S. 198.0 cxrd W. L. 230

-Figure IV -7. FJC Stabilt-y Augmentation
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TABLEI-i

3_4

Power App~roach Non-Dimensaional Stability Derivatives

h = sea level

=230 ft/sec 13i6 kt

a. 11.70

Is = 9.10

ý_J LngituinalLateral-Directional0 j Lngituinal(StabiLity Axis)

C.= .915 Cy, -. 655/rad

CD =.24~2 Cu = 199/rad

C*c = 2.8/rad Ce4  -156/red

*CD, = .555/red =t -. 272/rad

=-.098/rad C =-.013/rad

m&= C-9/ra = 7/red

-2.0radcrr= .1 21&/rad

%13 -. 322/rad Cn5 = -. 0721/rad fet

Cv_ .1 -4/~red.
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X-15 BWU,:.

The X-15 is a single-place, rocket-powered airplane designed for flight

at hypersonic speeds and extreme altitudes. The airplane is carried aloft

under the right wing of a B-52 and is launched at an altitude of about

45,000 ft and a Mach number of about 0.80. After launch, the X-15 performs

a powered flight mission, followed by a deceleration glide prior to vectoring

for a landing. With this operational technique, the airplane is capable of

attaining a Mach number of 6 and can be flown to and recovered from an altitude .
in excess of 300,000 feet.

Flights to high altitudes have been made with all three of the X-15

airplanes in two configurations: the basic and the ventral off. --he basic

configuration i3 considered here.

Aerodynanlc control is pro% ided through conventional aerodyramic surfaces,

with vertical surfaces used for yaw control and the horizontal tail for both

pitch and roll control. All of the aerodynamic control surfaces are actuated

by L-reversible hydraulic systems. Control force is provided by bungee for

pilot feel. A conventional center stick is used for pitch and roll control,

and rudder pe lals are used for yaw control; however, a side-located stick is

provided for control of pitch end roll in high-acceleration environments at

the option of the piiot. Most of the X-15 missions have been made with the

side stick, although the pilots used the center -tick on their first flights. i"
Only the center stick control is shown here.

The augnentation systom shown in this report consists of angular rate

feedback loopý, about all three axes. . addition to the normal p - ba roll

SAS loop, there is an r - 6a feedback known as the YAR loop. The gains for

each SAS loop are manualy set by the pilot. Mfe SAS-on transfer functions

given for this airplane assume maximum gain settings for each loop. This may

not have been realistic for actual flights.

The flisht conditions considered for this airplane are all for straight

and level trimed flgbt. This is definitely unrealistic for this airplane;

however, the intent here is to show generE" speed and altitude variation

effects.
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X-15

PITCH AXIS 8SSAS (rod)

____b 1 8ST('in. G (8s) Ss(rad)
FSTtb)2.8 57.3

(TEU) __________8(e)(TED)

in

0I

ROLL AXIS SasAs(rad)

.3,LAT(,M
(TTU)I TI 1.55 I(TED)FST lib) 2A ----- Of 5.3(rad)

YAW AXIS
aVSAS (rod)

Fp-D( b) 8lrod)

?i',ure V-3. X-15 Crutrol System•- •
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I

X-15

PITCH SAS

6(rad/sec) u-.75 aSSAS(rod)

ROLL -YAW-YAR SAS 9

Roll Gain -1

p (rad/sec) 8oSAS(rad)

-90 Yar Gain

Yaw Gain

r (rad/sec) .30 8VSAS(rad)

Note:
Gains variable in 10% increments of the
maximum values which ce shown above.
(e.g. roll gains selectable ore .05,.10,.15,
.20, .25, .30,35, .40, 45, and .501

Figure V-4. X-15 Stability Augmentation
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HL-iO 3ACMt=

The HL-1O is one of a number of lifting body research vehicles. The

"airplane is typically launched frcm a B-52 at 0.8 Mach and 4,5,000 feet.

In numerous glide and powered flights the HL-10 has been flown in excess

of 1.8 Mach and 90,000 feet.

Following problems involving the loss of roll-control effectiveness,

the leading edge of -he tip fins was modified. This became known as the

Mod II configuration. The information contained here is for the Mod II

Mr- 10 .

Pitch and roll control is obtained by elevons and yaw control by a

conventional rudder. A subsonic or a transonic configuration is selected

using ccmbinat'lons of speed brakes, elavon flaps, and tip fin flaps. These

combinations are specified in Fig. U-1.

The stability augmentation system consists of angular rate feedback loops

about all three axes.

The flight conditions shown correspond to actual flight test points.
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HL-IO

PITCH AXIS
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6.--5 57.3 erdi
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Figure VI-3. HL-1O Control Syste/
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PITCH SAS

i(MOdSec) - 8 eSAS

ROLL SAS

p(rod/sec) --. 2- 80SA~S

YAW SAS

As

Figure VI-'4. Wj-o Stability Augwntation -
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- The Jetstar is a four engine utility. transport. Controls consist of

conventional ailerons, elevators,, and rudder. A-ilerons and elevators are

~ ~j mechanicall~y actuated with bydraulic boost.* The rudder is mechanically

activated but assisted by a servo tab.

I The primary source of aerodynamic data was NAM& CR-544. Power approach

~Z> * ~ aerodynamics were estimated using CR,544 and flight test data from

FDc-.DRn-62-2kic-1I4o. The control system description was based solely on,

flight test data from the latter reference.
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-* JETSTAR
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1 PITCH AXIS

I FS-r(b) 52 e(r~d)
., 52+÷2.954

Note: Angle of attok effects on elevator
hinge moment ore neglected

J,

ROLL AXIS

F Fs7 (1b) • (rod)

-.4

YAW AXIS

FM(Ib) "

9.7-q

7lhme 71-3. Jetatuz* Control - 1:
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TABLE VII- I

Powr Avroch on-I-e 4oa3Stability Derivatives

h = sea level

= 224i ft/sec = 132.5 kt

G,= 6.50

Lon~gitudinal Lateral-Direction~al

(Body Axis)

CL = 737 Cy7 0 = -. 72/rad

CD = .095 C~= .137/red.

C = 5.0/rad C,5= -. 103/rad

CDm = .75/red j = -. 37/rad

C.= -. 80/rad

C%- = -3.0O/rad C12, = .11/rad

Cm4= -8.0/rad Cr= -. 16/rail

C8e= .!i/rad Na= -. 007.5/rad.

qme= -. 81/red C18 = .W a

Cj 8 7 = .-175/wail

C = -. 063/"~d

=.029/wail
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SECTION VIII

CONVAIR 880M
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CONVA3IR se4CX BMCROMM

7he Conrair 880M is a medium-size four engine jet transport. Lcngi-

tuidnal and directional control consists of servo tab deflected elevators

and rudder. Lateral control consists of servo tao deflecled ailerons clus

hv4draulic actuated socilers.

Elevator, aileron, and rudder transfer functions are in terms .

res-•ective primary surface deflections with tab losses included. Although

Sthe control system d.agramn shows a lag in the spoiler actuator, none was

used in commuting transfer functions.
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"CV-880M

PITCH AXIS

(8te-Se)c 
St. (rod)

L -Ch~te Be (rod)

Chg.

ROLL AXIS

01 2 8 s (rod)

stac im S t.(rad)

.Ch3• So(rad)

"YAW AXIS

(8tr -S)c Bt, (rod)

Br (rod)

Figure VIII-,. C•-68& Cmtrol Systea
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"TABLE -VIII-I

CV-880M

LcmS±tudin&L Non-Dimenaional, Stability Derivatives

Flight Conditicn 1 2 3 4 5 6 7

Configuratlicn L PA

Speed 1-4 NVAS 165 KTAS .6M .86M .,,. .8M .'61

* Altitude SL SL 23K 2-K 55K 355 3K

.o (5e;) -. 5 5.3 2.8 8.7 4.7

CL 1 .03 0.68 0.36 0.17") .. 3a7 0.5o0

CD 0.1I 0.080 0.022 0.019 0.025 0.024 C.022

SCLt (1/rad) 4 .66 4.32 .2 4.41 4.52 ..6

SCDa (1/rad) 0.43 0.27 0.14 0.07 0.18 0.15 0.!

C. (1/rad) -0.581 -0.905 -0.522 --0.572 -0.568 -0.65 -C .74

C (1/rad) 2 .7 2.7 2.14 2.5 2.75 2.75 2.?

C ( 1/rad) 7.92 7.72 6.76 6.37 7 .=1I 7.5 7.E2

CMi (1:/rad) -14.1,1 -4.13 -4.I6 -4.66 -4.4 -4.5 -. 6

Cm (1./rad) -12.2 -12.1 -11 .r -11 .8 -12. -12. -12.

CL (1/rad) 0.22 0.215 0.193 0.141 0.205 0.190 2.180

Cme (1/tad) -o.657 -0.637 -O.5P6 -0.438 -O.61 8 --0.,7 -7 . ,22

S.• C16e (1/rad) -0.326 -43.32,' -0.106 -0.278 -0.52 -0.31 -0.285

CLt (1/rad) 0.055 0.0p32 0.0482 0.0352 0.0c08 o. 047 0. 0ý

C :-t (1 'rad) -o.164 --0.159 -o.i46 -o.11 -0.155 - -0.14
eCh (1,/rad) -0.287 -0.285 -0.297 -0.343 -0.A12 -O.'x -0.352

S1 e

"* " 198



TABLE "•II-2

Lateral-Directional Non-Dimensional Derivatives
(S4 b-llt7 Axis 8%s=-)

FiZght Condlt-'.n i 2 3 6 7

Cc:,.- :uration L PA

S;.ed 1.- KTAS 165 KTAS .6M .6 .M1 ..

Ai::tude ZL SL 23K 23K 3rK 35F.5

C... e I!ad) --i .01 5 -0.677 -0.7E8 -o.085 -0.8o7 -3 25

C • -0.6 -0.163 -0.1-5 -0.II -1."1 . -C.J?7?.'. :Cl. (Ired) -O-x t .9

:C,.. (1/ra) o.0• 0.139 o.128 0.122 0.129 0.12: 0.1.35

-".•'4. . 1,r•) -o39 -. 3I -o.~,, -0.243 -0-3~L --3.312 -;.29:~."

"C..c. (1/rea) -C. -7 -. O•9 -0.497 -0-.C%• 1 -0.02, --. o11 -o.oC5-

Cl (1/rad) 0.309 0.198 0.146 0.o68 0.180 0.153 0.146

C. (1/red) -o.218 -0.185 -0.163 -0.189 -0.166 -0.1o65 -0.165

C-. (1/rad) 0 0 O.0019 0.0r.'5 0.0044 0.00775 0.009T-
c:a• (I/rad) -0.0487 -0.O0'29 -O.0466 -0.0452 -o.0479 -0.0497 -0.0479

Cr, (1/rad) 0.01862 0.0172 o.ooT46 0.01061 0o.07 o.Coeo o.0o97:

cb, (1/rad) -o.607 -0.481 -o.236 -0.258 -0.22M3 -0.-005 -0.258
-a

Cy (I/rad) 0 0 0 0 0 0 0

a (1/rad) -0.0072 -0.0056 -o.o0 -0.0068 -0.0071 -.0.0075 -C.0071

Cýt(/a d0 0 0 0 0 0 0,le (1/r-d)

C (1/rad) -0.249 -0.227 -0.215 -0.2125 -0.226 -0.235 -0.213

"I,".. (1/rad) -0.078 .-0015 -00189 -00175 -00189 -0.0189 -0.0175
"'" " "'. (1/rad) 0.060o 0,o01 0 .02 0 o.01 0.0324 0.0329 0.0339

-a0.0d) o.0116 0.0109 0.00973 00.ol 0o0 cCoo 0

. - ,' 7.• :•

C-"r (1/rad) 0.22 0.215 0.1904 0.1391 0.199 0.184 0.1685

(I...... c /,a) o.=7 o.2 o 76 o0.o0165 0.0187 0.0193
C16. (I /1ad) -o.0-99 -o.o958 -o.o064 -0.0o3 -o.06 -0.07o6 -0.00611-

* CM. (1/rad) -0.2110 -0.2125 -0.1626 -0.181. -0.13•11 -0.11.91 -0-1%41

"Cy (1/r1d) O.Oko9 0.0467 0.o031 0 o.OM 050L101 0.03" 0.0316

CL18t (1/0ad) 0.0021 O.O02T 0.0016 0.0018 0.00114 0.0019 0.0020

Sr(1ad) -0.020 -0o.09 -o.o 5 -0.001 -O.16 -o.031 -0.011

C... (I/d) _0.,5 -0.2 0_0 -0.2:14 0.2T .0.267 -0*265

.9... . a 19
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CV-88M DA.k SOU S

McNeill, Walter E., Calculated and Flight Measured Fandling-Qualities
Factors of Three Subsonic Jet Transports NASA TN D-48b2, Nov. 19e.

Brooks, Peter W., The World's Airliners London, Putnam, 1962.
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BOEIM 74.7 BACKGMWU

Tbe Boeing 7-7 is a ver• large f"our-far.jet intercontinental trarnsport

designed to operate from e:isting i.nternaticnal airports. To obtain the

necessarj low sre.ed characteristics the wing has triple-sloted trailing

flaps and Krueger týype ieeading edge flaps. The Krueger flaps outboard of

the inboard nacelle are va-riable canbered and slotted while the Linboard

Krueger flaps are standard :.znslctted. Longitudinal control is obtained

through four elevator seEen-ts and a movable stabilizer. The lateral con-

trol empl(ys five srciler ;anels, an inboard aileron between the inboard

and outboard flars, and an -&ttcard aileron which operates with flaps down

only on eazh w-ing. The five stoiler panels on each -wing also operate

--- '-'~2~.l2 Z in~--' -- n'-uction wit-!- the neost, ir~bcard six-th

O stoiler panel. ýirectiora2 control is obtained from two rudder segments.

Information for this aircraft was obtained solely from a simulator

description (Boeing D6-306"S).
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PITCH AXIS C A 5S(deg)

Fcc(Ib) i ~ i)-~be( rod)

32.2 ~02 a 1

130-_

20

K(~

10-/ SL
---- 20,0O0ft
me- 40,000ff

0 .2 MachA .8 L

ROI L AXIS

Fw(Ib) I 1.0 80(rad)

Ow.g 
.1 .3rd

YAW AXIS

Figure X-3. C-v- Control Systoin



B-747

YAW SAS

5.05s __ _ _ __ _ _ _ _ _ _ _

r rod /sec) j(s*.368)(s÷3.68F

Flops Upw

,.6i #rnts~ rod)

r r

" = r' dt

(Gyro and INS Aligned with FRL)

Figure IX-4. B-747 SAS



Landing Configuration Non-Dimensiona.1 Derivatives

h = sea level

VT0  1'51 KTAS

a0 8 -. 30

Longitudinial Lateral-Directional

0 ;1.76 CY3 -1.08/rad

CD =.26-3 Co=-.281/red

c 5,=r.67/r-,d Cr,3=.1841/rad

CDcL 1.13/rad Cjj -. 502/red

C~a =-1 )45/rad Cp=-.222/red.

-.6. = 7/rad Cr=.195/rad

Ca= -3.3-4/rad Cnr = -.36/rad

cL,, = 5. 65/racd C18a .0530/rad

= -2P1.4/rad Cf,= .0083/rad

I = -1.1 ~r =.179/rad

=,1ý .36 CJ~r = 0

0 L~e .356red .112/rad

Cmbe =-i.40/rad

Ea total deflection of right inboard aileron plus left
,-Spainboard aileron vith the effect of outboard ailerons



TABLZ DC -2

Power Aoproach Configuration
Son-DmensiorA1 Derivatives

h = sea level

'ITO = 165 K.TAS

C = ' 70

bs= -2.1

Iiongitudin~a3. Latera~l-Directiofl&.1

CL =1.11 Cy, = -. 96/rad

CD = .102 Cj.p = -. 221/rad

C ,= 5.70/rad Cnt3 = .150/rad

cDCL=.66rad f -. 4,arad

q% = -1.26/rad Cm,. = -. 121/rod

C &= -6.7/rad C~r = . 0/rad

Cv..= -3.2/rad Cnr = .z/a

c,= 5.4/rod cgba = .0461/rad

C = *-CO0.8/rad C*ooe - 0&/rad

.4 -%8r = .175/ro'd

= .27 C 4  = 07/rad

CIBe = .338/rad Cnr=-.109/rad

C~e= -1.34/rSa4

B= total deflection of righit inboard aileron plus left
inboard aileron with the effect of outboard ailerons
included
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SL B-747
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SL B-747
"20,000ft 636600 lb
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- Su. B-747
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SL B-747
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B-7L7 DATA SOURCES

Hanke, C. Rodney and Donald R. Nordwall, The Simulation of a Large Jet
Transport Aircraft, Boeing Rept. No. D6-30bA, Vols. i and II,
Sept. 1970.
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SECTION X

C-5A

2¾
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C--TA BAC--IWi

The C-"A is a very large military lcgiistics transport pow-ered by fo-;r

turbo:an eýn"ine2. Ir4'itudinal ccr.tro. conzists c' elevators in four

, sections with an all-movable stabilizer for trim, roll control employs

a.lerons and spoilers, and yaw control a cor.nv'ent:.onal rudder. All control

surfaces are irreversile.

A bobweight is used in the longitudiral feel system. The effective

bobweignt position is as-umed to be at the pilot.

"The C-5A employs stability augmentation -:- .11 axes. A description

. :of the SAS is not included here.
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C-5A

PITCH AXIS 8 eAS (deg)

Fcc 0Ib) Sc6n -9 e(rad)

8.3 0z at
32.2

r30 3

S~/

/ - SL
20,000ft

-° - 40,000ft

I I I I

O0 .2 4 Mach .6 .8 to

ROI LAXIS Sasas(deg)

"Conf ig. K LAT .13 (rod)

"[:•-.ClCan .12 Cb/dC
:" :•...L PA .155 Ib/deg

: YAW AXIS "

": "::FpE (Ib) r(rod) ".

; ,":- F.-;_ ?,-•. C-,k Control Zstem



TABLE X-1

Power Approach !!on-Dimelsiona1 Derivatives

h =sea level

VTO = 247 ft/sec 1 46 kt

Loongitudinal8 Lateral-Directioflal

(Stability Axis)

CL = 1.29 CYý = -. 77/rad

cD = .145 Cn, = .075/rad

CC = 6.08/rad C 1 = -. 123/rad.

CDC = .622/rad Cp= -. 458/red

c,=-.827/rad C r~ = -. 098/rad

C~= -8.3/rad C J = -20rd

C =-23.,2/rad Cnr = -. 293/red.

Cle= .385/rad Cy6 a = -. 004/rad Spie

=mb -1 .6/rad.Cb = .0091/rad. Effects

C18 = .089/rad

%yr = .211/rad

Cnr= -- 106/rad

C18r = .0209/rad
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C-•A DAIA SOURCES

7-5 Flight Control Report 'Aerospace Vehicle) Stability and Control,
Lockheed-Georgia Rept. No. JGIUo-,--, • Feb. 1966
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6ECTION Xi

I XBM-70A.



XB-7CA BACWR0U!

T;.-! 2M-70A "ras originally designed as a weapons systems vith long r-ange

supeersonic cruise capabilities. Me two aircraft built became research air-

craft zo explore SST-related prot!e-ms.

-} Th~e two he-TQA's were identical except that the first airplane (XB-T&A-1)

had zero geometric dihedral while the second Lad deg geometric dihedral.

"The first airplane is considered .'ere.

Pitch control employs interconnected elevon and canard surfaces except

in takeoff and landing where the canard is locked and a fixed canard flap

is used. Roll control is obtained through differential action of the elevens.

Yaw control is provided by rotation of the vertical stabilizers about a

4.5 deg hinge line.

Thc airplane is equipped with stability aujmentation in all axes.

Data shown here is a composite of many sources. The object was to use

flight test data where possible.
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XB-70A

PITCH AXIS

-465 S rod)

PA 0 leanEffecfive
Conig 3 8obwei ht FS~

32.2 z~ I3? 8(rud) PA f J 17 .I9f

50oL - L
20,000ft

40F 401,ýOft?
-- 600,1Or 7-

(0--

0 4 .8 1.2 1.6 Mach 2.0 2.4 2.8 3.2

ROLL AXIS SOSAS(rad)

F LAT( n/!b) S__ aT(deg) 41

YAW AXIS 8 s.(rd

FPE D(' b) I 8 G
0

( ..d -KOO 57.3

Conf ig. K01ft OW

Gear UP I28 lb/in.9d/u
Gear ON 31 blbin O q/

Pigure Xl-;. XB.7O(A Cout=1 System
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XB-70A
PITCH SAS

j(rad/sec) - 24

So•C' (f t/sec2) -6-=,.25 75 80O0 B esAslrad)
S•32.2 x 573.::5

.M -a at 34.8ft Clean
M~~ ~ ~ -10 s-1 , 3.fP

"Normal Accelerometer at ES. 1174

(in) -4.65
7c 57.3

ROLL SAS

p(rad/sec) -.5 S0 5 s(rod)

YAW SAS

... 35r'(rcd/sec) 
s lI -S J O

Figure XJ-4. XB-70A SAS
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rover Approach 5ondi~n, sional Stability Derivatives

n=sea level

VTo /L tsez 20c, kt

CC T.~deg

Longitudi~aa Lateisl-Directionall

(Body Axds)

CL = 33Cy, -.13/rad

- = .1-/rad~

CL = 2.6/rad. j = -.O'T2/rad

CDt .6/rad Cm=-. le/rad

Cm.=-. 27/rad C,..P = -. 26/red

=+.Or,/rad C-E = -. 03red~.

Cmq = -1 .5/read n = -. 2,I/rad

= 46/rad Cyba -. 063/rad
Cea

c, -. 19/rad.Ca= .042/rad

Cna= -. 0052/rad

CY,= .12/red

cir= -. oo18/red

Cze = -. 103/red
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ArP2MIDX A

* t ~~AXTS SYSTD, MWSDIO1 , CMI4UTD
* bUUNN I~CS, AND DERIVATIV DEFMIONB

VT

anrt'al Ref.

Z5 ,W,r

XB) Y3 , ZB The Body-Axis System consists of right-handed, orthogonal
axes whose orig. i is fixed at the nominal aircra.ft center
of gravity. It's orientation remains fixed with respect
to the aircraft, the XB and ZE axes being in the plane of
symmetry.- T"' exat, alignment of XB ax-is is a~rbitra~ry, herein
it is taktei along tt- !ody centerline reference.

X3- Y, T 'Z The Stabihtv:Axs S~ystem is that particular body-axis
system for :Lhthe ;S-ýaxis is coincident 'with the
projection of the ~t-W steady-state velocity vector (VT)
on the aircr~aft's pJlan z symmetry. It's orientation

. -remains fixed vith respect tu ',he aircraft.

* A-i



2. ')L

a Speed of sound in air ft/sec

ay Lateral acceleration along the y-body axis
at the center of gravity (positive out righ t s
wing) ft.see2

a. Lateral acceleratior parallel to the y-body
axis at a distance Ix and Iz from the c.g.,
a. =y + ixr- iz= ft/see

a Normal acceleration parallel to the z-body
axis at a distance A.c frcm the e.g.,s

.. :.:{az = amz- Ix4 ft/sec2

"Normal acceleration parallel to the z-body
axis at a distance IB from the c.g.

."" Reference wing span ft

.lb/g

B.L. Buttock line

cReference chord ft

C Longitudinal feel system damping ib/in./sec

c.:z. Center of gravity

D Aerodynamic force (drag) along the total
velocitj vector (positive aft) lb

,FRL Fuselage reference line (parallel to x-body
axis)

F.S. Fuselage station

* -I Longitudinal control column force (+ aft) lb

-� .. sT Longitudimal stick force (+ aft) lb

FtT Lateral stick force (+ right) lb

Fped Rudder pedal force (+ right) lb

2I
g Acceleration due c.o gravity ft/sec2

Pilot control to surface gearing deg/in. or
deg/deg

°- • A-2
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' ! a

' ' 'h Altitude rt

I Longitudinal feel system inerti./

SIx, Iy, Iz Moments of inertia referred to body %xia
Z (unless other-wdoe specified) a1W.-.t2

ixz Product of inertia referred to body axid
(unless otherwise apecified) slug.rtz

JU: The imaginary portion of the comreox vari.
able a = o tJu raodl/aec

Effective distance of bobweight fr= c.g.
(positive forward) ft

""2' Distance along the x-body axis from the
c.g. (positive forward) ft

-,. Perpendicular distance from c.g. to thrixt

Iz Distance along the z-body axis from the
c.g. (positive down) ft

K Longitudinal feel system spring constant lb/in. h

KTAS Knots true airspeed

KCAS Knots calibrated airspeed

K' Feel zystem spring constant per unit dynamic (!b/in. )/psf
pressure

L Rollirg moment about the x-axis due to aero-
dynamic torques (positive right wing down) ft-lb

L Aerodynamic force (lift) perpendicular to
"the total velocity vector in the aircraft's
plane of symmetry (positive up) lb

m Mass slugs

"M Mach number

M Pitching moment about the y-axis due to
aerodynamic torques (positive nose up) ft-lb

MAC Mean aerodynamic chord ft

.3C Mean geometric chord ft

A-3



"N Aerodynamic normal force along the z-body
axis, but positive up lb

*N Yawirg moment about z-axis due to aerodynamic
torques (positive nose right) ft-lb

p Roll rate, angular velocity about x-axis
(positive right wing down) rad/sec

S.q Pitch rate, angular velocity about y-axis
(positive nose up) rad/sec

q Dynamic pressure, 1/2 o T lb/ft2

r Yaw rate, angular velocity about z-axis
(positive nose right) rad/sec

rRG Yaw rate gyro signal rad/sec

S-..- s Laplace operator, a + jw rad/sec

- -- '-~''-oaft
2

TEr Trailing edge down

T•T Trailing edge up

TL Thrust line

u Linear perturbed velocity along the x-axis
(positive forward) ft/sec

SUo Linear steady-state velocity along the
x-axis (positive forward) ft/sec

tv Linear perturbed velcity along the y-axis
(positive out right wing) ft/sec

S":"" • Stall speed

w

"-Vo Total linear seedst as te velocity (positive

.•,-•: ... w Linear perturbed velocity along the x-axis

•-i./':• .W.L. Water line in.

? .- w We ight lb

S •)o.. WoLinear steady-state velocity along the

z-axis (positive down) ft/sec

A-4



4, 4

x Aerodynamic 'o-_-e along the x-axis (positive
forward)

y Aerodynamic force a-long y-axis (positive
out right wing) lb

Z Aerodynamic force along z-axis (positive

*down) lb

4a Perturbed angle of attack rad

00 Steady-state (trim) angle of attack
relative to the FRL deg

Sideslip angle rad

SSteady-state flight path angle deg

.a Aileron control surface deflection (includes
spoiler effects, etc.) (positive for posi-
tive rolling moment) rad

ZCr. :.c.e-QC-.n -;.tchziag .enfor aft surface) rae.

beo Trim elevator deflection deg

6cc Longitudinal control column deflection
from trim (positive aft) deg

b L'ongitudinal stick deflection from trim
(positive aft) in.

LATS"T Lateral stick deflection from trim (posi-
tive right) in.

Rudder pedal deflection from trim (posi-
tive right pedal forward) in.

,w Lateral wheel deflection fram trim (posi-:tie about x-axis) deg

""6s Stabilizer surface deflection from trim
"(positive for TE) rad

5 Spoiler surface deflection (positive up) rad

Vertical tail deflection from trim (posi-""tie for nose-left yawing moment) red

- , Er Rudder deflection (positive for nose-left
ya-ing mament (negative N)j rad

* •A-5



Denominator off airframe transfer function

4E Angle between principle inertia axis and FRL
(positive about y-axis) deg

Damping ratio of linear second-order mode
particularized by the subscript

e Pitch angle, fq dt for straight and level
flight, positive niose up radi

InclUination of thrust line with FRL. [posi-
tire gives negative (-) z farce) deg

P Mass density of air a2Lngs/ft3

The real portion of the complex variable
s=a ±Jai md/see

*Roll angle, ~Cos eofp dt- sin e jr dt) in
straight and level flight (ixosi~ive righ
wing downi) a

Undamped natural frequency of a second-order
imode, particularized by subscript red/sec

a Aileron

cc control coil=

d Duitch roll

*e Elevator

G Gyro

INS Inerti~alnavigation sysftem4

r Rudder

R Roll subs'deme

SASStability avontation systat

sp Sbat period

ST Stick

* ",'~ I.A-6l



1 ; If

DIR Directional control system (e.g., rudder pedal)

ZAT Lateral control system

8ybol UUdque to 8.9opfia Aircraft

ARI Aileron-rudder interconnect (F-4l)

ELI Bauzuiary layer control (P I CJ,, F-4l

jP Rudder flemxre coefficient (F-4i)

:,B > Bellows force parameter (r-li) ft 2

qBBell~ows pressure (F-4i) lb/ft 2

5d Yaw damper surface deflection (P-104)
(positive for nose-left yawing momen) rad

taAileron tab deflection (CV-88(C() rad

bteCommnded aileron tab deflection (CV-88CtMt red

Ste Elevator tab deflection (CV-880K) red

(Ste -be)c Command~ed elevator-elevator servo tab
I combination (input linkae (CV-8&K) rad

'7 5 tr Rudder tab deflection (CV-88C) red
'C" -8t 5r Comanded rudder-rudder servo tab

A;combination (input linkage) (CV-88(5() red

-f
lit,



COMMERPRflV MO MMNONTCS F 1 H c

COMPUTER I'RIN OUT ________NOTATION,_________

S 5, wing reference area

B b, wing span

C F, mean geometric chord

F/C,4 Flight Condition number

SL Sea level

M, Mach number

SVTO(FPS) VTtrue airspeed, knots

A VTO(KTAS) VT.,, true airspeed knots

VTO(KCS) TI,,calibrated airspeed, knts
W(LBS) W, weight, pounds

C.G.(!43C) e g., center of gravity relative to
mean geometric chord

Ix I Body axis (FRL) momnts of
'K inertia, glngs..tt2

ECz I=z

EPSII.ON(DEG) e, inclination of principle axis with
respect to EEL, degr'ees

q(PSr) q, dvnaaic pressure, pof

qc(PSF) q0 , inmpct pressure, pof

*ALPHA(MDG) FR EL angle of attack, degrees
GAA(W 70,, flight path angle, degrees
GAWA(DG)xditnetpiof
IXP(JT) Z, distance to pilot, ft

rm(m)it, thrust incidence with respect
* to FRL, degrees

x X'DG)t, t + cro, degrees

I~TE(F) 5~,perpendicular distance to
thrust line frm e.g., f.

~~ A4



b. IDNGITVDfIRM AI. IT
COI4IUrER PRINT OUT~ STAZKDARD NOTATIOU. DEFLULTION

Xli. Xuj 1/sec

ZU* 1ý/sec

MU* i~ /sec-ft
Xw Xw 1/sec

ZW' Z 1/sec

w Mv 1/sec-ft.

ZWD Z* /sec 2

ZQ Zq 1/sec

r:FO MD Mvr 1/sec-ft

MQMq 1 /sec

ZXDDD 4 ft/sec2 -rad

1.DDD l 1/sec 2

D 8 th Thiusti

W6 FST Fat Stick force
u u fps

w v fps
TH rad.

HD fps
AZP az4 ft/sec2 at X jx

44
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c. ATERAL-DMErTIONA.L PALAETIMTR

co*m7I'E manlV~ oU STAIWML VMTTION, DMMriION

YV Yv 1/sec

YB fI t/sec2

LB# 1/sec2

qB' 1/sec2

LP' I/sec

NP' N i~/sec

TAR 14 i/Eec
BIR N:; 1/sec

tY*DDD 1 /sec

L'DDD 16 /sec2

N'DDD xg /sec2

B 13 red

P p rad/sec

Rr rad/sec

PHI rad

AYP ft/aee2 at S 2

24W'

tD 'imf sacoto ufc.e"~ ieo

DID D

V- It A-10



d.TRABSFR 7JCTION PARAMETES

polnomalsforalltransfer functions*

(2+ 2twns +zq)j Ywh J I3o

C2 where k + 2 n.i the odrof the polynomial

]DET Hoots of the denominator

N(XIY)Numerator

AIX) Gain of the transfer function x/Y
ti/T(X)I1/Txi, rad/sec

S . w(x)j %j.. red/sec

For example: OENCII'NATOR

W/IOET1Z 2.2C
Z~(OETII .036C

NMi4ER AT ORS4.~N Na /OR
M(B ).02S5

I/TIB 31 -0S
L/T1B )2 2.05
1/TIB 33 42.3

Translates to: -~+ .25s-.4i) +20)s~3

r~r .0318)(a + 2.20)(s2 + 2 x .0609 x 1.139 + 1.1

~ -1The transfer function x/y is written as:

X/ & (s +s-1 0

specified, e.g., Z(DEM)l (0.00132)4=1/T(DxW)1 0-000132
A-11



comffu PM auiw SiWW ~Afl0U MMMU SONS)

V?0  VTO

M7A (0/MD) g/a fo a') 0

* - "*. ~~~~coItmi2 saticipstlas ~ ~ * \iiI
CAP (MAD19WS3C/1) ter sd_.1 M

, tp PUWIW =IAOt~t to n 2 fo C., A

.*z - -

i/db)wrt period Lavern qVdau - m - a cp

to i/t0 amplitude -TO

fticL freeperfor a -0

rnr/o (I3BA3) Stick force per g, pwodS j-.. for a 0
per 9

Mbe pea mte ban osmamlang
or is zwt defined at this CUM~
coaitiofl

-. *?h Thbat (j) Aotation ies constaut speed (it 00. 0).

.
-4
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* f. jA T~pAb-Dfl WE T1OL FANDLIE3 4XL rr! PAPANEWC

COGVM~ PRIMf OUT sTAumn 1V'=TO? DEFIUITIC ECIAMTI0N

DR PEROD (SEC) Dutch rc~a ;4xiod, seconds 2/,dV

i/C~i/2) Dutch roll inverse cycles o
to 1/2 ampli-tude 1fl2

SPIRA (2) (SEC) spiral time to double To in 2, for 'AT, 0

1--~ anrplitud~e, Seconds

J P(I)Roll rate at pea" I for a unit
st-ep input of 5&

- -P(OSC)/P(AV) A measure of the oscillatory
4P to the averag~e roll rate

p1 + p2  frC 1 -

V(flHI)/W(D) Ratio cf the roll frequency to
tha dutch roll frequency

DEL-B-MAX Ma xiam= sideslip excur-
sion at the c-g., occurring
within two seconds or one half-
period of the dutch roll, WbiCh-
ever Is greater for a step
aileron-control Command

MIto BM' PWRASE 4qP/0 at -Q;0dders

PHITO BEV. 19/01 at x - R; %)d, ra*/1' T M

~TOVE 'W-4 at 8-Q' %)d'deg/fpa

A-1



a)Log~t*iudA..1 Body Axis

qSpositive UPt

2VT 0  Im t v r
C C4

2VT,

C15 - CN/B C* BCWK/

I 2 VTo *A

Cx",~ ~ ~ -7ZxC

Cxr

'b) Lougltudinal Stability Aids

CL -- Sitive up

CD D positive aft

Cla -

2VTOCa/ pitching mont

- ~CI]~Mderivatives are

idjentical. to

- those for body &%is

CD,,mCD~

A-14



)LateralBody and Stailthexi

saesymbols are used for body axis and stability axis lateral rolling

and yawing mnoment derivatives. The sdfreeivtes(Cy,et.ex

physically and numericall~y the same it' both axis sys tem-s. When the

rolling or yawing moment derivatives are given in this report the axis

system is specified. When using the following all quantities should be

K Jfor the same axs system.

YL N

2VT0L 2VT0

C'I b CJar Cnr b

A-is



* 5. DnMSIO1UL 3.ILTr MXVATY M 'f

The z&ie symb~ol.s -.ze sed frbody- and stability-axis dimeiviiona

qu.antities areusd

I .) loa6 tudin8.a sadyAi

Y4 + LTu costo I/see

XU U LMo~ 1/sec

31~~CX 96: tc-2(C CAI/see

..- 9.m CY~e sec2rai

Zj~~ - Z, sing,,I/e

Zw 2 CN + /sec

-i 4S0  V To. i1/e

0 ft

tb,

A-16



- SU - ' +!. +cm WOC~ sec-ft
MU ly 12 2OC

08c~ 2W0 xO
U0 2 / sec-f

-i 1/- T 1sec-f

0 T 0

Y'm uomw1 /sec2

UOKcVr I/sec2

=q 43 C 1/see

b) latera BodY Axis

I/se

yr (pSVT,/2m)Cyp /e

= VT 0 YVft/sec
2

- (o~~o/~)CyBft/sec
2

-(p8VT20 /2i)Cy31, 
ft/sec2

y5; (p8%/2m)C~ybr I/sec

Zip (PSVT2b/2Izg)C~f /so

LP - pTb/4X)%1/c

lit.~Bf. -(p5b
2 i~I)Cr IT ~

A-17



Lb ~pSVý,0b/2IX)C1.5
*~~ (~,Wb/2I,.)C1-.

bt (PSVT0 /2m)CY a/e

Nt (SV 2 .bI2I)C1sc

2/4T~ 
1/sec

a = ~SVTb 2/4Iz)l~ ~i/sec

Nqr =(pSVT 0b2/4TZ)Cn r

= (~s~ 0 b/2z)CI 1/sec2

ffl (S tb/21,)Cnr /se

i~~~~ +IWIG1/sec

2

N (Z,S4b/I,2 ,ipIc /e

(L, + IxzNW,/I)G 
1 /sec2

I/see2' I =p + Ixzva/Ix)G

=(?ipr + IxzLrftz)G 
1/sec

1 /seeI=(Ner + Ixzxn2/Iz)G

= + Ix~ti~/Tx)G 
I ./sec2

+n Izzta/IZ)G 
1/sec2

-'N-s

w A-ILS



-a a

U a u a

j) j

a a a

u 0 0 S6f

14 I

u W 0 a a U a
=0. C 0 - - C

Ol* U

B-1



*b. 'TRCIS-?CR4ATION FD2ESOA EIAIZ

A(Xu)b Xu cos2 %a(Xw+ Zu) sin ao cos%+ Zwsin2 C.

2 2

(XIb X a032C- Z.* sin CO cLos

Xq;5 COS Zq;b sin%

2]si ao - (7-W Xu) sin a0 Cos ao- 0 SiX
=Z ~ Zu Cos2  a z X)sn0CO 0+ uSI 2

Q

(ZA = - COBsi a. ~ Si 0 CoS 00

(4b= Zq4 Cos % + Xq* sin aoCsa

(ZI) = Mq;iCOSo + X-M r Sir.ao

(M;I)b -- M sin aoMJSfl

(M£ M= CsOO+ uS '

B-2



Lateral-Directionlal

(Y fv)b

=Y~ YpC5a'ri'a

(yr)b =Yr Cosa.+Y'P sin L*

'4;8)b Cos a - sin a0

A (41)b 14 Cos sin,~o

I 14 b ~ cos2 ao -(N.ý + L) sin czo Cos ao + N,' sin 2 ao

(~)b Ncos2 ao (N. I, sin ao Cos ao - .sin 2 ao

(:*7;6b= N'1,bCos aC0+(Lr+p5 s inb asoIfoi

j0 ()b = 71x'os2C0 +2Ixsinao~a+z~a

(Izb = 4Cos 2aoIxao -(r i o Cos ao -x5T i2 aa

(txz ~ 2 =o + I L +N) sin a0 c os % ay(os + -ý sin2 a0 )

(14) = " o

'P2

.4X~ 1X 3.4a 2x i o o o+ zsn
UZC6 o-2x i oCsco+I i2a



SAPP=7DIX C

EQUATIONS OF VDTION, TRANSFER MTCTI-ONS,
AND COUPLING NUHRATORS

1. Longitudinal

"a. Eauations.

( .lX)s_ 4X -4 s-Xw (-Xq+Wo)s +g cos Vo u
9•.-:t--Zia$- z (I -z)s-zw (.-zq-Uo)S + sin 9o = zbe [bel

.: . -C " .s
; ii.;",. -MtS--M• -(Mos + Mw) 82_-MqS Mbe

":-" ,• = -W cos go + u sin go + (U0 Cos go + W0 sin cO)e

a = sw - U0q + (C sin 80 )e

= a. - lxs2e

I+ = h+A cos go

b. Traisfer Functions

e Nbe
" -;i "''-be A•

1) Denominator, A = As + Bs + CS + Ds + E

A (I

B =-(M3 + Y4) (I )ZI-Ma

• .••.. =•C + 4[(N)(, -z•r) 4- z + M&)

•"-:•XW- 4 + Wo[KA + 14(j - z• )+ si 0• . ..

".- ,•NOTE: Terns includig XiZW, X-4 are neglected in polyoil expressions.C"*1



-X* (MqZ, a*Z)COS+MV 9[j* Z o o~.u-MU
HU U, 00 09

2) Numerators

.4

N A82 + Be + Ce

A.9M + b(1 I-z.)

Be Xra Z* + *1 -Z)+Zb (Kw -M. X*)- Mr, [,+ X*( I - Z.J

C0  u

T Nb~~ Aus 5 + B.-s + Cýs + Du

u -X + zldl + +b~ - W0[7,8M. + M8-(l 7,;1I

*CU. X5(MlZw-Ma) ZbgM cos 00+M N ~)+Z %(Xc--a (g Cos 9.)(1 -Z.)]

+w~z)%Mw~e) + sX8 M. sin

D, -Z Mwzb)cos 00 + -(b, )%X.,,)sin 900

Aw'+.8 2-

Bv -zr)(Mq + X*' + UA + xbzý

bU.
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Sg + Ns + Cs2 + + Df

Af - cos OA, :i-n GOAu

Ii -Cos p?,+ el- e0Bu + (uocos90 + Wosine0 o)A&

Cj, ~cos S0 CV+ si oC,+ Uco 8 0 + WOsinB0,)Be

C os &Ov+sin ejDU+ (No cc e00+ V0 sin 0,)C9

I &S Is ICas2 +~+E

BZ v' B9UCA9

si v

D q D w U jC + g s r O B

E34 =+ g sl.2eOc6

To obtain az, let Ix 0.

2. Lateral

I a. Equations

w0s+ g Cos 60 U0 s -g sin go

VT0v YTQ Y6863m
aTO VT 0 11

rJ
~J NbaNO'

Y= VTOO ay aW:+or -WoP -6(cm 00)9
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b. Transfer Functions

3

I ~a

b -- Y N+ L,ý( + N NvLwYvr

~1-VTo 0T

00

e=VTO

2) 5 5 or 8r) Numerators

N15 A~r + Es 2 + C5s +Do

I ~o~Pr~VTOVT-u

-/ = . rL lw'? CosI cos +0 ~ (N;I;- &Lj, --n 0
93 Y5 + I

#9T 0 ' -
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lqpr Aps + Bps 2 +Cps Dp

Bp ;ý (r+ ( +Yv) + NAL

Cp Y;(LI4N LýN.) + IýYvNr - NYI (, Nt)~

p VT0  i6

b Ars5 + B.s2 Crs +Dr

Br N +ý -N(~L

Br Y;1 + qN;L -li(v + N4) +-U~

Dr = VT0  F I~NIj) cos 00

Nr A + Bos+ C

A,;= Ap +Ar tan eo2

Bo B + Br tan()o

Ip + =tn9
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aa-- +By 4 CMYS +D-1 E

A' VT0Af3 + lxat: -IZAp

By VTOBý + U;Ar WoAp+ )xiltBr lzBp

C VTOCJ + UOBr - WOBp - g cos 6cA.ý + lxIatCr lzCp

ay=~~+ ~' WoCp - g cos G0 B.ý + lxlaDr-lD

To obtain ay, let 'xlat 15 0.
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